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1
VIBRATION DAMPENING DEVICE

TECHNICAL FIELD

This invention relates generally to air conditioning sys-
tems wherein a vapor compression refrigerant 1s used to cool
air supplied to an indoor space and in particular to a device
for dampening compressor-induced vibration 1n an air con-
ditioning system.

BACKGROUND ART

In central air conditioning systems typically used in
residences, a compressor 1s operable to circulate a vapor
compression refrigerant between an imndoor heat exchanger
and an outdoor heat exchanger. In recent years, scroll-type
compressors for the most part have replaced reciprocating-
type compressors 1n residential air conditioning systems. For
cost reasons, such scroll-type compressors typically do not
include vibration-dampening springs to isolate the motor
and compressor mechanism from the outer housing of the
compressor. The refrigerant lines on the suction and dis-
charge sides of the compressor are rigidly attached to this
outer housing. Therefore, there 1s a direct vibration trans-
mission path from the motor and compressor to these
refrigerant lines.

In particular the refrigerant line between the indoor heat
exchanger and the compressor 1s susceptible to such vibra-
tions because the line 1s relatively rigid due 1ts relatively
large diameter (e.g., 74 inch). In a non-heat pump air
conditioning system, where the indoor heat exchanger oper-
ates as an evaporator, this refrigerant line corresponds to the
compressor suction line, through which vapor refrigerant 1s
drawn from the evaporator to the compressor. The length of
this suction line may be about 40 feet, with most of the line
being inside the building that 1s serviced by the air condi-
tiomng system. In a heat pump system, this refrigerant line
corresponds to the compressor suction line when the system
1s operated 1n a cooling mode and to the compressor dis-
charge line when the system 1s operated 1n a heating mode.

Such vibrations 1n the refrigerant line between the com-
pressor and indoor heat exchanger may cause a droming
noise that 1s readily detectable by occupants of the building.
This droning noise results when a vibration typically asso-
ciated with electric motor noise (e.g., approximately 60 Hz
and/or one or more harmonic frequencies thereof) 1s modu-
lated by a low frequency (2 Hz or less) standing wave 1n the
refrigerant line, which varies the intensity of the vibration.
The standing wave causes displacement of the refrigerant
line, such that contact between the line and a wall, floor or
other structural component results 1n points of noise trans-
mission inside the building.

One solution that has been proposed to inhibit such
vibrations 1s to strap one or more strips of rubber around the
refrigerant line, which reduces vibration by adding mass to
the line and by frictional damping. This solution typically 1s
used as a “field f1x” after the system installer has received a
complaint about noise from a customer. The number of
rubber strips needed 1s determined 1n the field, largely by
trial and error.

SUMMARY OF THE INVENTION

In accordance with the present mvention, a device 1s
provided for dampening compressor-induced vibration 1n an
air conditioning system of the type having an indoor unit and
an outdoor unit. The outdoor unit includes a compressor
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operable to circulate a vapor compression relrigerant
between the indoor and outdoor units via a refrigerant
conduit. The device 1s comprised of a support member
located beneath the outdoor unit and a section of refrigerant
line housed in the support member. The refrigerant line 1s
interposed 1n a portion of the refrigerant conduit that extends
between the compressor and the indoor unit.

In accordance with an embodiment of the invention, one
side of the support member 1s defined by a relatively flat
surface for supporting the outdoor unit and an opposite side
of the support member i1s defined by an array of intercon-
necting ribs. In accordance with another embodiment of the
invention, the section of refrigerant line defines a loop 1nside
the support member. In accordance with yet another embodi-
ment, a resilient material 1s located between the section of
refrigerant line and the support member. The resilient mate-
rial 1s preferably in contact with both the refrigerant line and
the support member to provide a vibration transmission path
from the line to the support member.

In a non-heat pump air conditioning system and 1n a heat
pump system operated in the cooling mode, the portion of
the refrigerant conduit between the compressor and the
indoor unit preferably corresponds to a compressor suction
line through which vapor refrigerant 1s drawn from the
indoor unit when the compressor 1s 1n operation. By locating
the vibration dampening device 1n the refrigerant flow path
between the compressor and the indoor unit, compressor-
induced vibrations are dampened before reaching the inte-
rior of the building 1n which the indoor unit 1s located.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view ol an air conditioning system
having a wvibration dampemng device according to one
embodiment of the present invention;

FIG. 2 15 an interior elevation view of an outdoor portion
of the air conditioning system of FIG. 1;

FIG. 3 1s a perspective view of the vibration dampening
device included 1n the air conditioning system of FIG. 1;

FIG. 4 1s a top plan view of the vibration dampening
device of FIG. 3;

FIG. 5 1s a bottom plan view of the vibration dampening,
device of FIG. 3;

FIG. 6 1s a sectional view, taken along the line 6—6 of
FIG. 5;

FIG. 7 1s a detailed perspective view of a portion of the
vibration dampening device of FIG. 3; and

FIG. 8 1s a perspective view of an alternate embodiment
of a vibration dampening device, according to the present
ivention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The best mode for carrying out the invention will now be
described with reference to the accompanying drawings.
Like parts are marked 1n the specification and drawings with
the same respective reference numbers. In some instances,
proportions may have been exaggerated 1n order to depict
certain features of the invention.

Referring now to FIG. 1, a central air conditioning system
for a building 11 includes an indoor unit 10 inside of
building 11 and an outdoor unit 12 on the outside of building
11. Indoor umt 10 includes a first heat exchanger 14 located
inside of an air handler 16, which 1s coupled between a
return air duct 18 and a supply air duct 20. In a non-heat
pump air conditioning system, indoor heat exchanger 14 1s
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operable to cool air being supplied to an indoor space
through supply duct 20. In a heat pump system, heat
exchanger 14 1s operable to cool the supply air when the
system 1s operated 1n a cooling mode and to heat the supply
air when the system 1s operated 1n a heating mode. A power
cable 15 couples outdoor unit 12 to a power source 17,
whereby electrical power 1s supplied to outdoor umt 12.

Referring also to FIG. 2, outdoor unit 12 includes a
cabinet 22, which houses a second heat exchanger 24 and a
compressor 26, which 1s operable to circulate a vapor
compression refrigerant between the indoor and outdoor
heat exchangers 14, 24 via a refrigerant conduit. The conduit
1s comprised of a first refrigerant line 28 communicating
between first heat exchanger 14 and compressor 26, a second
refrigerant line 30 communicating between compressor 26
and second heat exchanger 24 and a third refrigerant line 32
communicating between second heat exchanger 24 and {first
heat exchanger 14. Lines 28,30,32 are typically made of
copper.

One skilled in the art will recognize that in a cooling
mode, first heat exchanger 14 operates as an evaporator to
cool supply air by transferring heat from the air flowing over
the outside of heat exchanger 14 to the refrigerant flowing,
inside heat exchanger 14, which results in substantial evapo-
ration of the refrigerant. Likewise, second heat exchanger 24
operates as a condenser to condense the evaporated relrig-
crant by rejecting heat from the refrigerant to outdoor air
flowing over the outside of heat exchanger 24. In the cooling
mode, first refrigerant line 28 functions as the suction line
for compressor 26 and second refrigerant line 30 functions
as discharge line for compressor 26. However, 1n the case of
a heat pump system operating 1n a heating mode, the roles
of heat exchangers 14,24 would be reversed. Indoor heat
exchanger 14 would operate as a condenser to heat the
supply air and outdoor heat exchanger 24 would operate as
an evaporator. A reversing valve, not shown, would be
located 1n line 28. In the heating mode, line 28 would
function as the discharge line from compressor 26 to heat
exchanger 14 and line 30 would function as the suction line
from heat exchanger 24 to compressor 26.

As can be best seen 1n FIG. 1, the respective major
portions of first and third refrigerant lines 28,32 are outside
of cabinet 22, with only minor portions thereof being inside
of cabinet 22, as shown 1n FIG. 2. When the air conditioning
system 1S 1n operation, vapor refrigerant flows 1n line 28 and
liquid refrigerant flows 1n line 32. Second refrigerant line 30
1s entirely within cabinet 22, as shown i FIG. 2. Further,
lines 28, 32 extend into building 11. The distance between
indoor and outdoor units 10, 12 1s typically on the order of
40 feet, so that the length of first and third refrigerant lines
28.32 15 each about 40 feet. First refrigerant line 28 usually
has a larger diameter than second and third refrigerant lines
30, 32 (e.g., 78 1nch vs. ¥s inch). As a result, first refrigerant
line 28 1s more rigid than second and third refrigerant lines
30,32, which makes first line 28 more prone to transmitting
compressor-induced vibrations to structural components
inside building 11 than second and third refrigerant lines
30,32. Further, line 28 1s rigidly in contact with the outer
housing of compressor 26 so that vibrations from operation
of compressor 26 are transmitted directly through the com-
pressor housing to refrigerant line 28.

As previously mentioned, such vibrations are typically
associated with the vibration from the electric motor (not
shown) that operates compressor 26. Such vibrations may be
modulated by a low frequency (2 Hz or less) standing wave
in first refrigerant line 28. The modulation produces a
droning noise of varying intensity inside building 11 when
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the vibration of line 28 causes contact with walls or other
structural components of building 11. This droning noise
may be detected by occupants of building 11.

Referring also to FIGS. 3—7, the air conditioning system
includes a device 33 for dampening compressor induced
vibrations. Device 33 1s comprised of a pad 34 positionable
beneath cabinet 22 as a support member for outdoor unit 12
(as shown 1n FIGS. 1 and 2) and a refrigerant line section 36
housed 1 pad 34. One side of pad 34 1s defined by a
relatively tlat major surface 38 on which outdoor unit 12 sits
and an opposite side thereof 1s defined by an array of
interconnecting ribs 40. Line section 36 defines a loop
within pad 34. Portions of selected ribs 40 are removed to
accommodate the passage of line section 36 therethrough, as
can be best seen 1 FIGS. 5 and 7. Blocks of resilient
material 42, such as a relatively rigid foam, are located in the
spaces between selected ribs 40, as can be best seen 1n FIG.
5. Portions of line section 36 are embedded 1n resilient
material 42, as can be best seen 1n FIG. 6. Resilient blocks
42 cushion line section 36 and hold 1t in place within pad 34.
Resilient blocks 42 are preferably in contact with both line
section 36 and pad 34 to provide a direct path for transmis-
sion of vibrations from line section 36 to pad 34. Support
pad 34 1s positionable i contact with the ground outside of
building 11 to provide a direct vibration transmission path
thereto. As can be best seen 1n FIG. 6, line section 36
includes an insulative wrap 43.

Relrigerant line section 36 1s adapted to be iterposed 1n
refrigerant line 28 so that line section 36 forms a part of line
28, as shown 1n FIGS. 1 and 2, and the refrigerant flowing
in line 28 1s routed through pad 34. Line section 36 prefer-
ably has the same diameter as line 28 (e.g., 74 inch). One
corner of pad 34 i1s notched to define right-angled surfaces
44, 46, as can be best seen 1n FIG. 7. Each surface 44, 46 has
a cutout through which one end 36a, 365 of line section 36
emerges from pad 34. Ends 36a, 366 are adapted (e.g., by
swaging) for attachment to line 28. One end 36a, 36b
functions as the entry point for the refrigerant into pad 34
and the other end 364, 365 functions as the exit point for the
refrigerant out of pad 34, depending on how line 28 1s
connected to line section 36 and the direction of flow of the
refrigerant 1n line 28. As can be best seen 1n FIG. 7, ends
36a, 366 may be protected by respective caps 48a, 48H to
protect ends 36a, 360 when the vibration dampening device
1s not connected to line 28, such as during shipment or
storage of the device.

For example, assume that end 364 i1s connected to the
portion of line 28 between pad 34 and compressor 26 and
that end 365 1s connected to the portion of line 28 between
pad 34 and indoor heat exchanger 14. In the cooling mode
ol operation of the air conditioning system, line 28 corre-
sponds to the compressor suction line through which hot
gaseous refrigerant from heat exchanger 14 flows to the
suction side of compressor 26. The refrigerant flow would
then be from heat exchanger 14 through line 28 into line
section 36 through end 36b; through line section 36 and
exiting therefrom through end 364 ; and back into line 28 to
compressor 26. The length of line section 36 should be
comparable to the wavelength of the standing wave to
provide vibration dampening. For example, 1f the major
dimensions of pad 34 are three feet by three feet, pad 34 can
accommodate six to eight feet of line section 36, which
should be suflicient length to significantly dampen the
compressor vibrations.

Empirical testing has shown that routing the refrigerant
flow through line section 36 1n support pad 34 substantially
reduces the vibrations from compressor 26 to the structural
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components of building 11 at frequencies of about 60 Hz and
120 Hz. It 1s believed that extra length of line 28 provided
by line section 36, the irictional dampening of resilient
blocks 42 and the transmission path to the ground from line
section 36 through resilient blocks 42 and ribs 40 are all
factors contributing to the dampening ol compressor-in-
duced vibrations 1n line 28. The vibration dampening device
33 described heremnabove may be included in the original
installation of the air conditioning system or may be added
as a retrofit component.

Referring to FIG. 8, an alternate embodiment of a vibra-
tion dampening device 1s shown. Device 50 1s similar to
device 33 described heremnabove with reference to FIGS.
1-7, except that device 50 includes a second line section 52
adapted to be interposed 1 liquid refrigerant line 32 1n a
manner similar to which line section 36 i1s adapted to be
iterposed 1n vapor refrigerant line 28, so that refrigerant
flowing 1n line 32 1s also routed through pad 34. Line section
52 preferably has the same diameter as line 32 (e.g., % inch).
Further, line section 32 has two ends 52a, 526 protruding
from pad 34 to facilitate connection of line section 52 to line
32. By providing pad 34 with the additional line section 52
adapted to be interposed in line 32, compressor induced
vibrations in reifrigerant line 32 may be dampened 1 a
similar manner as described hereinabove with respect to
refrigerant line 28.

The best mode for carrying out the invention has now
been described 1n detail. Since changes 1n and modifications
to the above-described best mode may be made without
departing from the nature, spirit and scope of the invention,
the invention 1s not to be limited to the above-described best
mode, but only by the appended claims and their equiva-
lents.

The invention claimed 1s:

1. In an air conditioning system having an indoor unit, an
outdoor unit, a refrigerant conduit between said imndoor unit
and said outdoor unit, and a compressor operable to circulate
refrigerant through said conduit between said indoor unit
and said outdoor unit, wherein the improvement comprises
a device for reducing compressor-induced vibration 1n said
conduit, said device being comprised of a support member
located beneath said outdoor unit and a section of refrigerant
line housed 1n said support member, said section of refrig-
crant line being interposed in a portion of said refrigerant
conduit between said compressor and said indoor unit, said
compressor being external to said support member, said
indoor unit having a first heat exchanger and said outdoor
unit having a second heat exchanger, said refrigerant conduit
including a first refrigerant line commumnicating between
said first heat exchanger and said compressor, a second
refrigerant line communicating between said compressor
and said second heat exchanger and a third refrigerant line
communicating between said second heat exchanger and
said first heat exchanger, said compressor being operable to
circulate refrigerant through said first, second and third
refrigerant lines, said second heat exchanger being external
to said support member, said section of refrigerant line being
interposed 1n said first refrigerant line.

2. The system of claim 1 wherein one side of said support
member 1s defined by a relatively flat surface for supporting
said outdoor unit and an opposite side of said support
member 1s defined by an array of interconnecting ribs.

3. The system of claim 1 wherein said section of refrig-
crant line defines a loop inside said support member, said
loop having a length corresponding to a wavelength of a
compressor-induced standing wave vibration 1n said portion
of said refrigerant conduit.
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4. The system of claim 1 wherein a resilient material 1s
located within said support member between said section of
refrigerant line and said support member.

5. The system of claim 4 wherein said support member
includes an array of interconnecting ribs, said resilient
material being located between said section of refrigerant
line and said ribs and being in contact with both said section
ol refrigerant line and said ribs.

6. The system of claim 5 wherein said array of intercon-
necting ribs defines corresponding spaces between adjacent
ribs, said resilient material being located in selected ones of
said spaces.

7. The system of claim 1 wherein said portion of said
conduit corresponds to a compressor suction line through
which refrigerant 1s drawn from said indoor unit when said
compressor 1s 1n operation.

8. The system of claim 1 wherein said support member 1s
positioned between said outdoor unit and the ground outside
of a building 1n which said indoor unit 1s located.

9. An air conditioming unit, comprising:

a refrigerant conduit;

a compressor for compressing a vapor compression refrig-

erant and circulating refrigerant through said conduit;

a heat exchanger;
a cabinet housing said compressor and said heat
exchanger; and
a device for reducing compressor-induced vibration in
said conduit, said device including a support member
housing a refrigerant line section, said support member
being located beneath said cabinet and said refrigerant
line section being in fluild communication with said
refrigerant conduit, said compressor and said heat
exchanger being external to said support member.

10. The unit of claim 9 wherein one side of said support
member 15 defined by a relatively flat surface for supporting
said cabinet and an opposite side of said support member 1s
defined by an array of interconnecting ribs.

11. The unit of claiam 9 wherein said refrigerant line
section defines a loop 1nside said support member, said loop
having a length corresponding to a wavelength of a com-
pressor-induced standing wave vibration 1n said refrigerant
conduit.

12. The unit of claim 9 wherein a resilient material 1s
located within said support member between said refrigerant
line section and said support member.

13. The unit of claim 12 wherein said support member
includes an array of interconnecting ribs, said resilient
material being located between said refrigerant line section
and said ribs and being 1n contact with both said refrigerant
line section and said ribs.

14. The unit of claim 13 wherein said array of intercon-
necting ribs defines corresponding spaces between adjacent
ribs, said resilient material being located 1n selected ones of
said spaces.

15. The unit of claim 9 wherein said refrigerant line
section 1s interposed 1n a portion of said conduit correspond-
ing to a compressor suction line through which refrigerant is
drawn by said compressor into said unit when said com-
pressor 1s 1n operation.

16. The unit of claim 9 wherein said unit 1s an outdoor unit
of an air conditioning system, said support member being
positioned between said cabinet and an outdoor surface.

17. The unit of claim 9 wherein the refrigerant conduit
includes a first refrigerant line communicating with an inlet
to the compressor and a second refrigerant line communi-
cating between an outlet of the compressor and an inlet of
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said heat exchanger, said refrigerant line section defining a
portion of said first refrigerant line.

18. A vibration dampenming device for an air conditioning
unit having a compressor for circulating a vapor compres-
sion refrigerant through a conduit, said device comprising:

a support member positionable beneath the unit;

a refrigerant line housed 1n said support member, said line
being adapted to be mterposed in the refrigerant con-
duit; and

a resilient material located 1n said support member and
being interposed between said refrigerant line and said
support member to inhibit contact therebetween.

19. The device of claim 18 wherein one side of said
support member 1s defined by a relatively tlat surface for
supporting said cabinet and an opposite side of said support
member 1s defined by an array of interconnecting ribs.

20. The device of claim 18 wherein said refrigerant line
defines a loop 1nside said support member, said loop having
a length corresponding to a wavelength of a compressor-
induced standing wave vibration 1n said conduit.

21. The device of claim 18 wherein said support member
includes an array of interconnecting ribs, said reifrigerant
line extending through selected ones of said ribs, said
resilient material being located between said refrigerant line
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and said selected ones of said ribs and being 1n contact with
both said refrigerant line and said selected ones of said ribs.

22. The device of claim 21 wherein said array of inter-
connecting ribs defines corresponding spaces between adja-
cent ribs, said resilient material being located 1n selected
ones of said spaces.

23. The device of claim 18 wherein said refrigerant line
includes discrete first and second refrigerant line sections,
cach of said line sections being adapted to be interposed 1n
a selected portion of the refrigerant conduait.

24. The device of claim 23 wherein said first and second
refrigerant line sections define respective first and second
loops 1nside said support member.

25. The device of claim 23 wherein said first refrigerant
line section 1s adapted to be interposed 1n a first portion of
the refrigerant conduit corresponding to a refrigerant suction
line through which refrigerant 1s drawn 1nto the unit when
the compressor 1s 1n operation and said second refrigerant
line section 1s adapted to be iterposed 1n a second portion
of the refnigerant condwt corresponding to a refrigerant
discharge line through which refrigerant i1s discharged from
the unit when the compressor 1s in operation.
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